Objective: To analyze patient risk factors and processes of care associated with secondary surgical-site infection (SSI) after coronary artery bypass grafting (CABG).
Despite improvements in medical care and the increased emphasis on quality improvement programs to reduce postoperative infections, nearly 5% of patients experience major infection after cardiac surgery. 1 In recently published findings from a prospective, multi-institutional cohort study of infections associated with cardiac surgery, researchers observed substantial increases in morbidity, mortality, and costs associated with these events. 1, 2 However, secondary surgical-site infections (SSIs) in patients who undergo coronary artery bypass grafting (CABG) with saphenous vein graft (SVG) harvesting were one infection of interest not analyzed in this initial report.
SSIs of the SVG harvest site after CABG affect 1% to 4% of patients and are associated with substantial morbidity and cost. [3] [4] [5] In rare cases, these infections can even lead to limb loss. 5 Although numerous outcome studies after saphenous vein harvesting have been reported, few focus on infection as the primary endpoint, and those that do frequently lack follow-up past discharge or 30 days postoperatively, are nonadjudicated, and are frequently retrospective single-center analyses. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] In this study, using data previously collected by the Cardiothoracic Surgical Trials Network (CTSN), we aimed to characterize secondary SSIs of the leg or groin in patients undergoing CABG with saphenous vein conduits and to analyze patient risk factors and processes of care associated with these infections.
METHODS

Patient Population
As previously published, all consenting adult cardiac surgery patients at CTSN sites without an active systemic infection were enrolled in the prospective observational study ''Management Practices and the Risk of Infections following Cardiac Surgery'' (see Appendix E1 for list of sites). We selected all patients in the CTSN study who underwent a CABG procedure (with or without concomitant procedures) with saphenous vein conduit harvesting (n ¼ 2174, Figure 1 ).
Study Design
Baseline and operative characteristics, process of care data, and postoperative complications were captured up to 65 days postprocedure as part of the CTSN infection study. The primary outcome of interest in this analysis was the incidence of SSI of the secondary incision site in the leg or groin (eg, saphenous vein harvest site, perfusion cannulation site). Secondary SSIs were categorized as deep or superficial. A secondary SSI was defined as an infection that occurred within 65 days of the procedure, involved the deep soft tissues of the incision (deep SSI) or the skin and subcutaneous tissue (superficial SSI), and had at least 1 of the following: purulent discharge; a spontaneous incisional dehiscence or an incision opened in response to fever or localized pain/tenderness and with a positive culture or without a culture in the presence of fever, localized pain, and/or tenderness; an abscess or other evidence of infection found on direct examination, during reoperation or by histopathologic or radiologic examination; or a diagnosis of an incisional SSI by the physician. Data related to the time to onset of secondary SSI, risk factors potentially affecting the incidence of SSIs, and microbial isolates related to the SSIs were also analyzed.
Statistical Analysis
Patients who did and did not develop a secondary SSI were compared with regard to baseline characteristics, operative characteristics, postoperative management, and outcomes. Continuous variables were compared with a t test (for means) or Wilcoxon-Mann-Whitney U test (for medians), whereas categorical variables were compared with the c 2 test or Fisher exact test as appropriate. A Cox proportional hazards regression model of time to secondary SSI was built by the use of backwards stepwise regression; death was accounted for as a competing risk. 21 Variables found to be associated with a secondary SSI (at P<.20) on univariable analysis were considered for inclusion in the multivariable model; all variables in the final model were significant at the P .05 level. Complete case analysis was used for all adjusted models. Although frequency of use of vein graft harvest technique varied widely by site, with most open harvests in Canada, we adjusted for patient-level risk factors and management practices rather than by site to avoid obscuring these risks. All statistical analyses were performed with SAS statistical software (version 9.4; SAS Institute, Inc, Cary, NC).
RESULTS
Incidence of SSIs
A total of 2174 patients underwent CABG with SVG harvesting, of whom 65 (3.0%) developed a secondary SSI within 65 days of the index operation. The cumulative incidence of secondary SSIs of the leg or groin by time from index procedure is shown in Figure 2 . Median time to secondary SSI was 16 days (interquartile range [IQR], [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The majority of these infections were diagnosed after discharge from the index hospitalization (n ¼ 56, 86%), most within 30 days of discharge (n ¼ 46, 82%).
Of the secondary SSIs, 8 (12%) were defined as deep, whereas 57 (88%) were defined as superficial. The median time to a deep secondary SSI was 27 days (IQR, 14-44), whereas the median time to a superficial secondary SSI was 15 days (IQR, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . No patient with a superficial infection progressed to a deep infection. Preoperative anemia did not affect risk of infection (P ¼ .87) or modify the risk associated with transfusion (P ¼ .69). There were no significant differences in infection rates with regard to type of surgical scrub (chlorhexidine or other), type of antibiotic given (second generation cephalosporin or other), duration of antimicrobial therapy postoperatively, or presence or absence of postoperative hyperglycemia.
Factors associated with the development of a secondary SSI in multivariable analysis treating death as a competing risk are shown in Figure 3 . SSI, Surgical-site infection; CABG, coronary artery bypass grafting; SVH, saphenous vein harvest. *Continuous variables are expressed as median (IQR) and categorical variables as count (%). yA total of 88% of patients had on-pump surgical procedures. zPostoperative hyperglycemia is defined as a blood glucose>180 mg/dL within 48 h after surgery.
Organisms Responsible for Secondary SSIs
Among patients with a deep secondary SSI, 7 (87.5%) patients had culture data. Equal numbers of Gram-positive and -negative organisms were isolated; one patient had both Gram-positive and Gram-negative bacteria isolated. Bacteria isolated were coagulase-negative staphylococcus (methicillin-resistant Staphylococcus epidermidis), Enterobacter cloacae, Enterococcus (n ¼ 2), Proteus mirabilis, Pseudomonas aeruginosa (n ¼ 2), Staphylococcus aureus (methicillin resistant), and S aureus (methicillin sensitive). There were no fungal deep secondary SSIs. Five patients had a single isolate, whereas 2 had multiple organisms isolated.
Among patients with a superficial secondary SSI, 22 (38.6%) had culture data. Gram-positive bacteria were most common (68%), although Gram-negative bacteria were not uncommon (23%). Candida/mixed skin flora were isolated in 1 patient, and both candida and Gramnegative bacteria were isolated in 1 patient. S aureus was the most common isolate found in 12 patients (two thirds were methicillin resistant and one third were methicillin sensitive). Candida albicans, coagulase-negative staphylococcus (n ¼ 2), Corynebacterium striatum, Enterobacter, Enterococcus (n ¼ 2), Escherichia coli, mixed skin flora, Morganella morganii, Serratia marcescens, S epidermidis (methicillin resistant), Stenotrophomonas, and Streptococcus species were also isolated.
Outcomes
More patients who developed a secondary SSI were readmitted within 65 days of surgery than patients who did not develop a secondary SSI (34% vs 17%, P<.01). Of 27 readmissions in 23 patients with a secondary SSI who were readmitted, 21 (77.8%) readmissions were due to the secondary SSI. The median length of stay during the rehospitalization was 7 days (IQR, 5-9). There was no significant difference in a low rate of 65-day mortality among patients with and without a secondary SSI (0.0% vs 1.9%, P ¼ .63).
DISCUSSION
In this large, prospective, multi-institutional cohort study, we demonstrated that secondary SSIs after CABG with SVG conduit are not uncommon, are often diagnosed after initial discharge, and are associated with more frequent hospital readmissions. In addition, SSI occurs with more frequency in those who undergo open saphenous vein harvest, receive more units of PRBCs, and have a greater BMI. Common widely endorsed process-of-care measures, specifically, duration of antibiotic therapy, type of antibiotic prophylaxis, and postoperative glycemic control, were not associated with secondary SSI in this analysis.
The incidence of secondary SSI in this study was 3.0% at 65 days of follow-up, which, although similar to other recent large observational studies, is greater than the most common major infection reported in the CTSN infection study. 1, 3, 4 The initial publication from the CTSN reported that nearly 5% of patients experience a major infection after cardiac surgery, with pneumonia (2.38%), bloodstream infections (1.09%), and C difficile colitis (0.97%) being the most common. 1 Other SSIs reported included deep SSIs of the chest and groin (0.56% and 0.21%, respectively) and superficial infections of the chest and groin (2.93% and 1.56%, respectively).
1 Although secondary leg and groin-site infections were not included in the original report, the overall incidence is clearly not trivial. The prospective, multicenter nature of this cohort study provides a unique opportunity to characterize these infections.
Like other recent reports, our results show that endoscopic saphenous vein harvesting is associated with a significantly lower incidence of secondary SSI in patients undergoing CABG. Endoscopic saphenous vein harvesting was first introduced in the mid-1990s and is currently estimated to be the method of choice in more than 70% of CABG procedures in the United States. [6] [7] [8] Three quarters of patients undergoing CABG in this study had endoscopic vein harvesting, of whom 2.4% developed a secondary SSI, which is less than one half the proportion seen in the open vein harvest group (4.8%, P <.01).
Two large recent studies have examined the association of long-term outcomes after endoscopic vein harvesting after CABG. Although both of these studies were conducted to primarily look at long-term consequences of endoscopic versus open saphenous vein harvest in CABG, both also included an examination of saphenous vein graft-site SSIs. Williams Our results support the hypothesis that the introduction of endoscopic saphenous harvesting has decreased the overall occurrence of these not-trivial, secondary surgical infections. Importantly, our analysis suggests that this benefit extends not only to patients undergoing isolated CABG but also combined and emergent/urgent procedures, as these patients were not excluded in our analysis.
BMI and the need for transfusion of more units of PRBCs were strongly associated with risk of developing a secondary SSI on multivariable modeling, with those of greater BMI being more likely to develop a secondary SSI. This finding is not surprising, given that patients with a greater BMI are generally thought to be at greater risk of postoperative infection and poor wound healing. 22, 23 There are numerous theories as to why this relationship occurs, including reduced wound circulation and oxygenation, as well as increased wound tension. The need for transfusion of PRBCs was also associated with risk of developing a secondary SSI (HR 1.13 per unit, P < .01) and is consistent with others studies such as that reported by Horvath and colleagues, 24 in which there was an incremental crude risk for major infection of 29% for each unit of PRBCs transfused in cardiac surgery. Previous studies have demonstrated blood transfusion may lead to immunomodulatory effects, which may be responsible for the increased incidence of SSI. 25 Alternatively, blood transfusion may be a surrogate for preoperative anemia, which may also increase the risk of SSI due to reduced oxygen delivery to the tissues.
Other reported risk factors, such as female sex, peripheral vascular disease, tobacco use, diabetes mellitus, renal failure, type of surgery and urgency, preoperative ejection fraction, need for an intra-aortic balloon pump, and postoperative hyperglycemia were not associated with a statistically significant increased risk of infection in our study; however, this should not be construed as evidence that those factors are not associated with infection, particularly given the low number of infections in the cohort. [25] [26] [27] [28] As other studies have reported a risk modification of hyperglycemia by diabetes, we also investigated a possible interaction between diabetes and hyperglycemia but were likely limited by power. [29] [30] [31] [32] [33] BMI, which is included in the multivariable model, is correlated with diabetes but as a continuous variable provides more power than diabetes. Differences in the definition of hyperglycemia in the literature may also partly explain why we did not find an association between hyperglycemia and risk of infection; in this study, we used a broad definition of hyperglycemia: a single occurrence of blood glucose greater than 180 mg/dL within 48 hours of surgery.
Although the organism data presented are limited by a low reporting rate, the nature of organisms isolated from these infections is nonetheless interesting for several reasons. First, there is a paucity of data of this nature reported in the literature. Second, one often makes the assumption that a secondary SSI will be the result of skin flora and very likely a Gram-positive organism; however, based on these limited data, we have shown that Gram-negative organisms and occasionally yeast are also isolated. This suggests that routine culture of these wounds should be considered to guide appropriate antibiotic coverage and that initial coverage should be appropriate for at least both Gram-positive and -negative organisms. Third, S aureus was the most commonly isolated organism despite the fact that it was tested and identified preoperatively in 1194 (55%) patients. The majority of these patients (71%) received S aureus prophylaxis.
A major interest of ours was to investigate the recently instituted process of care measures endorsed by numerous regulatory agencies, including the Centers for Medicare and Medicaid Services and the Joint Commission, on the incidence of secondary SSIs. In 2002, the Centers for Medicare and Medicaid Services implemented the Surgical Infection Prevention Project to decrease morbidity and mortality associated with postoperative SSIs. The key measures implemented to decrease SSIs as related to cardiac surgery include (1) administration of parenteral antimicrobial prophylaxis within 1 hour of incision (2 hours for vancomycin or fluoroquinolones), (2) discontinuation of prophylactic antimicrobials within 48 hours of cardiac surgery, (3) proper removal of hair, and (4) appropriate blood glucose control. 34 There were not large enough differences in the timing of parenteral antimicrobial prophylaxis or proper removal of hair to allow comparison in this cohort, as virtually all patients had hair clipped and had prophylactic antibiotics administered appropriately. However, there was enough variability in duration of perioperative antibiotic therapy, type of antibiotic prophylaxis, and postoperative glycemic control to allow multivariable modeling that showed that practice variations in these factors were not associated with the development of a secondary SSI. Although one can argue that we were simply underpowered to show a difference in these practice variations, there is an alternative interpretation-even if these process-of-care measures are adhered to rigidly, the incidence of secondary SSI will never be zero. This lends support to the concept that, in major cardiac surgery, certain ''never'' events will never have a zero incidence, or that we are not looking at the correct combinations of process-of-care measures that will consistently prevent SSI events.
Perhaps the most interesting finding of our study is that, with patient follow-up to 65 days after the index operation, we were able to determine that the majority of secondary SSI were diagnosed after discharge from index hospitalization, and one quarter were diagnosed more than 30 days after the index operation. This later group would typically be missed in the Society of Thoracic Surgeons Adult Cardiac Surgery Database, as it only captures events to 30 days after the index operation.
In addition to the late occurrence of secondary SSIs, of those who developed a secondary SSI, the proportion of readmissions within 65 days of surgery was significantly greater than in those who did not develop a secondary SSI (34% vs 17%, P < .01)-and of those with a secondary SSI who were readmitted, more than 70% were readmitted because of the secondary SSI.
Although this study carries the strength of being a prospective cohort, there are several important limitations. First, although limiting the population to those patients with CABG and SVG conduit would imply that the secondary SSI reported was a saphenous vein graft harvest-site infection, the data point collected regarding secondary SSI did not differentiate between groin and leg. It is possible that what we presume to be SVG harvest-site infections were actually groin cannulation sites (also not captured explicitly). The patients most likely in question would be the 9 infections in those with a previous sternotomy. Unfortunately, it is impossible to discern this subtle difference from this dataset; however, we are confident that all reported secondary SSIs were of the groin or leg in patients that underwent CABG with SVG harvesting.
Second, although prospective, this study was not powered to examine the endpoint of secondary SSI, so its predictive power is limited. In this regard, our inability to show a benefit of any of the process-of-care variables could be due to lack of power. In addition, patients were not randomized to receive or not receive these measures, so there could be unobserved factors that were not measured or analyzed that explain our results. Third, our study unfortunately lacked data on method or outcome of treatment for secondary SSI. There was also limited data collected on vein harvest-we had no detail about who performed the vein harvest, the technique used for an open harvest, or whether an endoscopic harvest was attempted before converting to an open harvest. Use of drains, skin-closure techniques, and type of dressing were not collected for the secondary surgical incision, and these factors may affect the risk of infection. No scoring system, such as that developed by Elahi and colleagues, 35 was used to assess the severity of the secondary SSIs.
Last, although overall follow-up was longer than in most registries and was 98% complete, events that occurred after 65 days would not have been identified. Occasionally follow-up was conducted by phone if patients refused to return for the follow-up visit. However, for the 2% of patients who did not have complete follow-up, a medical record search was conducted and any documented infectious complications were reported. Serious infections reported by phone or found in a medical record search were all adjudicated by an Event Adjudication Committee of experts in infectious diseases.
Despite close adherence to commonly practiced process of care measures, both deep and superficial secondary SSIs continue to be an important source of morbidity in patients who undergo CABG, frequently resulting in hospital readmission. Although we can identify patients at greater
The Journal of Thoracic and Cardiovascular Surgery c Volume 155, Number 4risk for these infections, such as those who undergo open harvesting of the saphenous vein, have a greater BMI, or receive more units of PRBCs, it is unlikely that the incidence of secondary SSI will ever be zero. Developing a better understanding of both patient factors as well as modifiable processes of care associated with secondary SSIs will help guide future endeavors focused on reducing the incidence of these morbid and costly complications.
